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符号 物理意义 符号 物理意义 
x, y, z 空间坐标分量 i, j, k 坐标单位向量 
u, v, w 瞬时流速分量 u, v, w 时均流速分量 
u, v, w 脉动流速分量  哈密顿运算子 
 标量属性  海水密度 
 分子粘性系数 t 涡粘性系数 
 分子扩散系数 t 涡扩散系数 
 粘性应力  雷诺应力 
N 浮性频率 S 剪切频率 
Re 雷诺数 Pr 普朗特数 
Rg 梯度理查森数 Rf 通量理查森数 
 Prandtl - Schmidt 数  von Karman 常数 
k 湍动能 ɛ 湍动能耗散率 
Lm 混合长度   湍流特征频率 



















































































Turbulence closure models are based on statistical descriptions of turbulent 
motions. Generally, turbulence models include eddy-viscosity model and 
Reynolds-stress model. The eddy-viscosity hypothesis is on basis of an analogy 
between turbulent transports of averaged momentum and the kinetic theory of gases. 
As such, the Reynolds stress can be related to the mean flow in a similar way to the 
constitutive relations for Newtonian fluids. Models of this type are usually formulated 
in terms of algebraic or differential equations, with one-equation turbulence models 
and two-equation turbulence models being examples of the latter. In contrast, the 
Reynolds-stress model (SMC) represents turbulence effects by directly solving 
transport equations of the Reynolds stresses. As a result, second-moment turbulence 
closures correctly incorporate the history effects of Reynolds stresses and can thus 
well represent anisotropy of normal stress. Recently, fast developments of 
oceanographic observational techniques, such as micro-structure profilers and 
acoustic Doppler current profilers, make it possible to assess different turbulence 
closure models with in situ oceanic turbulence measurements. 
In this thesis, turbulence closure models commonly used in ocean modeling are 
assessed with in situ measurements of turbulence parameters in shelf seas and 
estuarine regions. 
By modeling turbulent mixing at two comparative stations (being well mixed and 
stratified, respectively) in the Taiwan Strait and the Irish Sea, it is found that the 
classic wall-turbulence theory and the empirical relation of turbulence length scale 
hold very well for non-stratified flows, but fail in describing highly stratified flows. 
The water column at stratified regions usually has distinct three-layer thermohaline 
structure, consisting of weakly stratified surface and bottom boundary layers and a 
pycnocline. In the pycnocline, turbulence is usually enhanced by the breaking of 
internal wave, whose effects are still poorly represented in turbulence closure models 
















near-bottom tidal mixing can affect is mainly determined by the strength of tidal 
currents. Away for the seafloor, turbulence intensity is generally decreased with height, 
with an evident phase lag at the same time. This phase lag can be well reproduced by 
turbulent closure models. 
 In coastal and estuarine regions with large horizontal density gradients, such as 
the Xiamen Bay and the Liverpool Bay, tidal straining acts to produce a periodic 
component of stratification that interacts with turbulent mixing to control water 
column structure and flow. During the ebb, the water column gets more and more 
stratified and strong tidally induced turbulence is confined to the near-bottom tidal 
boundary layer. In contrast, during the flood, stratification is eroded by complete 
vertical mixing occurring at high water and strong turbulence extends throughout the 
whole water column. Diagnostic analysis of the potential energy anomaly showed that, 
the ebb-flood asymmetry in turbulent dissipation and mixing was mainly due to tidal 
straining process, which is at work when vertically shared tidal currents act on 
horizontal density gradients. A direct comparison of the modeled and observed 
turbulence parameters validated the applicability of the turbulence closure model in 
modeling turbulence processes in these regions with large horizontal density gradients, 
but also pointed out the necessity of further refinement of the model. 
 
Key words: turbulence closure model; numerical simulation; eddy viscosity model; 

























理性质可以由 Navier - Stokes 方程来描述，然而方程的非线性使得通过解析的方
法来获得湍流场的全部信息极其困难，因此数值模拟便成为了我们解决实际湍流
问题的常用手段。常用的湍流数值模拟方法主要包括：直接数值模拟(Direct 
Numerical Simulation, DNS)、大涡模拟(Large Eddy Simulation, LES)和 Reynolds
平均下的湍流统计模型(Reynolds - Averaged Navier - Stokes equation, RANS)。其
中，直接数值模拟可以在不引入任何模型假设的情况下直接求解 Navier - Stokes




旋运动进行直接求解 N - S 方程，而对小尺度涡旋运动的影响则通过参数化来模
拟，这种模型仍处于研究和发展阶段。 
相比于 DNS 和 LES 模型，Reynolds 平均下的湍流统计模型是目前物理海洋
学中运用最广的湍流数值模拟方法。该方法通过对非稳态的 N - S 方程做雷诺平









































1942 年，Kolmogorov[10]提出了第一个完整的湍流封闭模型，即 k -  “两
方程”湍流模型，该模型把表征涡粘性系数的两个特征量用 k 方程和另一湍流特
征量来求解。根据引入特征量的不同，Mellor 和 Yamada 以及 Rodi 等进一步发
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